The bacterium Zymomonas mobilis presents potential for sorbitol production when grown in culture medium with high sugar concentration. Sorbitol is produced and accumulated in the periplasma of the bacterium to protect the cells from the harmful effects of high osmotic pressure that results from the action of invertase on sucrose. The conversion of sucrose into glucose and fructose increases the osmolarity of the medium. However, an excessive increase in the osmotic pressure may decrease the sorbitol production. In this work Saccharomyces cerevisiae invertase was added two media containing sucrose 200 and 300 g.L , with and without the invertase treatment, respectively. In the culture medium with 300 g.L -1 sucrose, production reached 60.4 g.L -1 and with invertase treatment was 19.14 g.L -1
INTRODUCTION
Sorbitol is a polyol with a sweet and refreshing flavor, and can be used as sweetener, moisturizer, texturizer and softener in the food industry. Other uses include vitamin C, sorbose, glycerol propylene, plastics and resin production. Sorbitol can be used in dietetic foods for diabetics because it is not insulindependent (6, 17) .
World sorbitol production has been estimated to be more than 500.000 ton per year, traditionally from glucose catalytic hydrogenation using nickel as the catalyzer, at high pressures and temperatures. After the catalytic hydrogenation process, the sorbitol is collected and purified, making the process expensive (6, 8) . However, other methods can be used to obtain sorbitol, such as the biotechnological process by fermentation.
The Zymomonas mobilis bacterium has been the target of much research mainly because it presents potential for ethanol and by-product production (including sorbitol, gluconic acid and fructooligosaccharides) when the culture medium contains high sugar concentrations (5, 16, 21) . According to Bekers et al. (2) and Sprenger (19) , sorbitol production by Zymomonas mobilis occurs by the glucose-fructose oxidoreductase enzyme (GFOR) present in the bacterium periplasm that simultaneously converts the glucose and fructose to glucono-δ-lactone and sorbitol, respectively. Silveira and Jonas (17) reported in their review that GFOR has a very important physiological function for the bacterium, because the sorbitol produced is accumulated by the microorganism to prevent the harmful effects caused by high osmotic pressures of the cell when grown on high sugar concentration in the fermentation medium.
Researchers have studied the effect of osmotic pressure on the production and excretion of microbial metabolites including sorbitol, ethanol, gluconic acid, glycerol. Liu et al. (13) studied the effect of osmotic pressure on glycerol production by Candida krusei, using glucose to raise the osmolarity of the medium and detected that increase in osmotic pressure produced an increase in glycerol production by the microorganism. Wu et al. (22) cultured Panax ginseng cells in a culture medium with high osmotic pressure to produce saponin and concluded that the high pressure of the culture medium decreased cell growth, but increased secondary metabolite production by the cells.
The effect of osmo-induced stress on product formation by Zymomonas mobilis was studied by Bekers et al. (3) . The authors induced an increase in sorbitol production in the presence of 0.16M NaCl that was inhibited at the highest salt concentration. Osmotic pressure is one of the preponderant factors in sorbitol production by Zymomonas mobilis and the treatment of the medium with invertase can cause this effect, by increasing the reducing sugar concentration in the fermentation medium. The main objective of this study was to investigate sorbitol production by Zymomonas mobilis in sucrose medium with and without invertase treatment.
MATERIALS AND METHODS

Microorganism and preservation
The microorganism used in this study was the bacterium Zymomonas mobilis ATCC 29191, preserved in medium containing (in g. L -1 ): 100 glucose; 10.0 yeast extract; 2.0 (NH4)2SO4; 3.0 KH2 PO4; 0.3 Mg SO4.H2O; 5.0 peptone; 0.2 FeSO4. After incubation for 24 hours at 30ºC, the cultures were kept at 4ºC and reactivated every 30 days.
Invertase
Invertase was extracted from baker's yeast, Saccharomyces cerevisiae, according to Nepomuceno (16) , kept in a refrigerator at 4ºC with an activity of 6400 U.g pre-treated with invertase. Medium preservation without glucose was used for all the fermentation media. The sucrose medium was treated with invertase for a period of three hours with agitation at 28ºC. The invertase ratio used was 1:50 mL (1mL invertase and 50 mL fermentation medium).
Fermentations
The experiments were carried out in 250 mL Erlenmeyer flasks with 50 mL of the I, II, III or IV media at 30ºC, static culture, for periods of 12 and 36 hours with initial pH 6.0. The inoculum was standardized at 0.2 g.L -1 for all the experiments. The process was monitored by quantifying the biomass, sugar consumption, and sorbitol and ethanol production. The experiments were carried out in duplicate.
Analytical methods
Reducing sugars (RS) and total reducing sugars (TRS) were quantified by the Somogy (18) and Nelson (15) method. Total reducing sugars (TRS) were determined after acid hydrolysis with HCl at 1N according to Amorim (1) . The biomass was determined spectrophotometrically at λ= 605 nm and related to a calibration biomass curve. Sorbitol concentration was quantified by high efficiency liquid chromatography (HPLC) using an aminex HPX 87C column (300mm X 7.8 nm), at 55ºC, with water as eluent (1 mL/min) and a refraction index detector. The ethanol contents were determined by the Kaye and Haag method (9) . The osmolarity was determined using osmometer cryoscopy (Gonotec, Osmomat 30) and the osmotic pressure was determined according to Guyton and Hall (7) . The results were submitted to the Tukey test at the 5% level of significance.
RESULTS AND DISCUSSION
Sorbitol and ethanol production by Zymomonas mobilis in sucrose medium at 200 g.L -1
The results of sorbitol and ethanol production by Zymomonas mobilis in sucrose medium at 200 g.L -1 are shown in Table 1 .
The results in Table 1 show that in medium I the highest sorbitol production was 42.35 g.L -1 , with 190.91 g.L -1 sugar consumption in the 36 h culture time and 1.18 g/L h -1 sorbitol productivity. In medium II, the fermentation process started with 160.54 g.L -1 (RS), that were made available by hydrolysis of the sucrose by invertase and the highest sorbitol production was at 36 h, reaching 38.42 g.L -1 with 189.76 g.L -1 sugar consumption and 1.05 g/L h -1 productivity. The statistical analysis showed that sorbitol production in sucrose media with and without treatment with invertase did not present significant differences in the 12 or 36h culture time, indicating that the treatment with invertase did not alter sorbitol production by Zymomonas mobilis.
Lee and Huang (10) studied sucrose media at 200 g.L -1 with and without invertase treatment demonstrating that in the media where the sucrose was not hydrolyzed previously, a production of 24.30 g.L -1 of sorbitol was obtained in the 24 culture time, and in the previously hydrolyzed medium sorbitol production decreased to 15.70 g.L -1 . According to the authors, previous sucrose hydrolysis delayed the formation of some byproducts by Zymomonas mobilis.
Takeshige and Ouchi (20) also reported the negative effect of invertase on ethanol production in sugarcane molasses. They explained that invertase is a potent osmotic regulator, that causes sucrose hydrolysis in glucose and fructose increasing the osmolarity of the medium. Consequently there was an increase in the osmotic pressure that inhibited cell growth, reducing sorbitol and ethanol production by the bacterium.
In the present study, medium I with 200 g.L -1 sucrose presented an osmotic pressure of approximately 14436.40 mmHg. When the medium was previously hydrolyzed with invertase, medium II, the osmotic pressure increased to 22349.40 mmHg. This increase in the osmotic pressure by hydrolysis of the sucrose medium with invertase reduced sorbitol synthesis, but this reduction was not significant for this condition. The same occurred with ethanol production, where the highest value occurred in medium I with the production of 54.88 g.L Significant difference was observed in sugar consumption, sorbitol, and ethanol and biomass production by Zymomonas mobilis when grown in sucrose at 300 g.L -1 sucrose medium and sucrose treated with invertase, (media III and IV, respectively). The results are shown in Table 1 . Table 1 shows that the highest and statistically significant sorbitol production occurred in medium III in the 36h culture time with a production of 60.46 g.L -1 and 1.68 g/Lh -1 productivity. The highest ethanol production also occurred in medium III at 36 h, with a production of 55.38 g.L -1 and 1.59 g/L.h -1 productivity. When the media was previously hydrolyzed with invertase, fermentation began at 144.62 g.L -1 available reducing sugar and the sorbitol production fell to 19.14 g.L -1 with 0.53 g/ L.h -1 productivity and ethanol production decreased to 9.90 g.L -1 with 0.28 g/L.h -1 productivity. A significant decrease in sorbitol and ethanol production by Z. mobilis was observed when medium III was compared with medium IV, probably due to the excessive increase in osmotic pressure. In medium III, the initial osmotic pressure was approximately 20226.40 mmHg and the cellular growth reached 1.96 g.L -1 , while in medium IV osmotic pressure was 27460.40 mmHg but cell growth was only 0.81 g.L -1 , indicating that the excessive increase in pressure inhibited bacterial growth and consequently decreased sorbitol and ethanol production by Z. mobilis. This proved the negative effect of the excessive increase in osmotic pressure in the fermentation medium reported by Takeshige and Ouchi (20) , demonstrating that the addition of highly active invertase decreased ethanol production because the excessive increase in osmolality, due to monosaccharide supply that was not well balanced with their consumption, so that the high osmolality in the medium remained.
Loss et al. (14) reported in their study that GFOR, present in the periplasm space of the bacterium, restrict sorbitol formation to conditions of osmotic stress. Because of its extraordinarily low affinity to fructose (Km 400 mM to 1M), sorbitol is formed at appreciable rates only when cells encounter high fructose concentrations. Glucose is the preferred substrate of the glucose facilitator in Z. Mobilis outcompeting fructose. When Z. mobilis grown in medium with access to both substrates (glucose plus 
CONCLUSION
The best medium obtained in this study for sorbitol production was medium III, sucrose at 300 g. L -1 . The best ethanol production was also obtained in medium III, but it did not differ significantly from media I and II. The treatment of the sucrose medium at 300 g.L -1 with invertase significantly decreased sorbitol and ethanol production due to the excessive increase in osmotic pressure.
RESUMO Síntese de sorbitol por Zymomonas mobilis sob elevada pressão osmótica
A bactéria Zymomonas mobilis, apresenta potencial para produção de sorbitol quando crescida em meio com alta concentração de açúcar. O sorbitol produzido é acumulado no periplasma da bactéria para conter os efeitos prejudiciais da
